MICROPROCESSORS 


537 ‘Lite’ computer (2) 


part 2: programming and practical use 


Having built the board and successfully run the 
first Communication tests, you are ready to start 
programming the 537 core system. In doing so, 
some rather special points should be observed 


which are discussed in this article. What’s 
more, we show you how the board may be 
used in practice by adding extensions and 


MODES OF THE 

537 ‘LITE’ COMPUTER 
The fact that it can be used in three dif- 
ferent modes adds considerably to the 
power and versatility of the the 537 
Lite board. The modes are Stand 
Alone, Program Download and Run. 
Table 1 shows how to set jumpers and 
switches to select between these 
modes. 


Stand Alone mode is typically used for 
the final application of the board, 
when a program has been fully tested 
and is known to work error-free in the 
target system. After a reset, the user 
program is immediately executed from 
EPROM. 


In Program D ownload mode, a termi- 
nal program is used to download the 
program (developed on a host PC) to 
the 537 Lite board. The program then 
has to be started from 
the host PC. The 


Table 1. J umper- and 


components. 
Design by Prof. B. vom Berg 
and P. Groppe 


EPROM contains the monitor pro- 
gram, while the RAM chip acts as a 
combined program and data storage 
device. In this mode, jumper J7 has to 
be set to the 12 MHz crystal position. If 
not, the communications data speed is 
not properly set up. However, once the 
program has been downloaded, J7 
may be changed at any time, if only to 
ensure that the program runs about 
33% faster after a reset. Do remember, 
however, that the higher clock speed 
also results in time-dependent routines 
being executed faster. 

The EPROM-resident monitor pro- 
gram allows simple direct entry of 
assembler commands as well as com- 
fortable debugging at assembly-code 
level. You may enter hdp to call up an 
overview of all available functions. 


In Run mode the previously down- 
loaded user application program may 
be executed straight 
away by means of a 


switch settings of the 


three modes 


Mode Jumper 
J 1A,J 1B,J 1C 
Stand-alone 1-2 
Program download 1-2 
Run 2-3 


reset, after which the program runs in 
the RAM area. The RAM component 
then acts as an EPROM program stor- 
age device, obviating the need to pro- 
gram your own EPROM to be able to 
employ the system in stand-alone 
mode running the final version of the 
program. The RAM component acts as 
a shared program and data memory. 
An essential component in this mode is 
the backup battery, because, as you will 
no doubt be aware, a RAM chip isa 
‘volatile’ device which means that it 
loses its contents when the supply volt- 
age disappears. 

When the Monitor EPROM is used 
(mode 2) the serial interface SSO is auto- 
matically configured for 9,600 baud, 
one stop bit and no parity (9600, N, 8, 
1), which should enable flawless com- 
munication with the host PC. However, 
if the program isto run in Stand Alone 
or Run mode, this serial interface ini- 
tialisation is sadly missing. Unfortu- 
nately, you have to provide and embed 
the necessary routine for SSO yourself 
to make sure the communication with 
the PC operates as it should. 


PROGRAMMING 

Before you can start programming 
away, you have to know some elemen- 
tary facts about the memory configura- 
tion of the 537 Lite board. After all, pro- 
grams and user data are both stored in 
RAM component IC7. This shared 
memory space extends from 0000, 
through 7FFF\,, so its size is 32 kBytes. 
In the programming environment 
(8051 Compiler or Interpreter) you 
have to indicate exactly which ranges 
are reserved for the program and 
which ones for the data. If you fail to 
do this, memory contention may occur 
and program(s) and data may actually 
destroy each other! 


Switch EPROM RAM 

S1 IC2 IC7 

don't care user program* Data* 

LOAD RAM Monitor user program and data* 
RUN not active user program and data 


*: 32 kByte device, address range 0-7FFF, 
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You should also be aware that the 
EPROM-resident Monitor program, 
whose functions include control over 
the program download operation, also 
requires a small scratch area in RAM. 
Obviously, this area may not be over- 
written by the program code or user 
data! The monitor scratch area is 
defined as 7FOO, through 7FFFy in 
RAM. 


All this has the following implica- 
tions if you want to start writing pro- 
grams: 


7FFF End of RAM range (fixed): 32 kByte 
Size: 256 bytes 
7F00 Fixed start address of memory range for Monitor program 
TEFF End of data memory range (fixed) 
Size: 7.75 kBytes 
6000 Start of data memory range (variable) 
5FFF End of program code range 
Size 24.0 kBytes 
0000 Start of program code memory range (variable) 


Table 2. RAM memory map 


P2.PAS SS! p2: Capture analogue values with the 537 Lite Board ERA 
ieina Kee Be esccssscessssssssssssscssssssssssssssssccsssssscs ***) 
g oe Versione A-0, 2.10, 99, 10:23 fares 

das Programmer: v. Bg. # ex) 


EREE EE AEAN NEEE EO EE ENO Ea aa eRe LRT EH ASRS RPL AREA TIT RST ASAE Ane LRT ANE ASAE ERP LOE RAR ied 


program p2; 





xxx Definition of Variables A ENEE RPS A EA EN EERE SEGRE SERPS ROI SES E EEEE EE 


const 
(* For A/D co 
adcon0 = $d8; 
addat ; 
dapr 
busy 
var 


$d9 
$da; 
$dc 


nverter *) 


(* A/D converter *) 


adu: byte; 


(Wer ous %)) 


i,zw: byte; 


(*** Suroutine Collection 











KRAE AEE E REE RX EEKE EEE RE Ron hahah hoki kA) 





( *** ain program BORSA TEA ER NER A GRR RR EK RRR RUA ASR aR CN Oh Reh A ARE RRA ERR Anon Kh tk i) 
begin 
(eee Cl eek Scream Hs) 
write(chr($la)); 
(ae Mero wee ee) 
writeln(' Program p2: Capture analogue values using 537 Lite Board'); 
WI i Gl) D(C SeSeSSe Sse SSSe2 S62 Ser PSS sesee SESE See SSE SSE SS eRe See chene je 
writeln; 
writeln(' now capturing measurement values ..... oa) 
writeln; 
(et Main loop  ***) 
repea * Start of endless loop *) 
(* Capture and display measurement values *) 
for i:=0 to 2 do * Convert 3 measurement values * 
begin 
adu: =reg(adcon0); * Read adcon *) 
adu: =adu and %11000000; (* single conversion, internal start *) 
adu: =adu or i; * Channel selection *) 
writereg(adu, adcon0); * Copy value into SFR *) 
writereg(0,dapr); * Start conversion =) 
repeat until (bit(busy)=false); (* Wait for done =) 
zw: =reg(addat); (* Read converted value *) 
write(’Input AN',i,': ',zw); PU Wi) ali Syl ey) 
writeln(' = ',(zw*5)/256,' V');(* Convert into Volt and display * 
end; 
writeln; * Supply empty line *) 
(* Wait: approx. 1000 ms until next measurement *) 
wait _ 25ms( 40) 
until false; (* Exit from endless loop *) 
end. 
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Program p2: 


Capture analogue values using 537 Lite Board 


now capturing measurement values 


Input ANO: 118 = 2.3046875e0 V 


Input 
Input AN2: 


Input 
Input 
Input 


| nput 
| nput 
Input 


Input 
Input 
Input 


.3828125e0 V 
.3046875e0 V 


.2890625e0 V 
.0937500e0 V 
.6640625e-1 V 


.4648437e0 V 
.7773437e0 V 
.1289062e0 V 


.0898437e0 
. 187500000 
167968720 





Figure 2. Measure- 
ment results produced 
by P2.PAS on the PC 


display. 
» The total RAM range 
available for program 
and data extends from 0000, 
through 7EFFy, so its size is 
32,512 bytes. 


$} The program memory range always 
starts at address 00004, and is imme- 
diately followed by the data memory 
range. 


» The data memory range may not 
reach into the monitor memory 
range. The memory division is illus- 
trated in Table 2. 


At this point, an example may help to 
show what considerations play a role 
in practical programming. 


Let’s assume that a program with asize 
of about 20 kBytes and requiring about 
5 kBytes of data memory is not quite 
finished and therefore requires some 
additional memory locations. The com- 
piler/interpreter should be ‘informed’ 
that the program code range starts at 
00004, and the data range, at 60004. 
Consequently the program space has a 
size of 24,576 bytes (24 kBytes), while 
the data memory measures 7,936 bytes 
(7.75 kBytes). 

When the program is developed 
further, you should take care that the 
program code does not cross the 
5FFFy border, and the data, the 7EFFy, 
border. If that happens, the two mem- 
ory blocks will corrupt one another. 

Programming the 537 Lite board 
takes four steps: 


$ The user program is written in a pop- 


ular and widely used programming 
language like Assembler51, C51, 
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BASIC52, PL/M51 or 

Pascal51. BASIC52 and 
Pascal51 in particular allow very fast 
and powerful results to be obtained. 
Whatever programming language is 
used, the final product of your pro- 
gramming efforts, a block of object 
code, should be either an Intel-H ex 
file, a file with the extension .hex or 
an ASCII file containing BASIC 
tokens. 


» The object code file is downloaded to 
the 537 board via one of the available 
RS232 interfaces on the PC. 


$ Test the program in combination 
with the target system hardware. 


» Onceall errors have been sorted out 
and the program works as it should, 
there are two possibilities to accom- 
modate the final version of the soft- 
ware in the system. 

- The first option is to program an 
EPROM and install it instead of the 
Monitor EPROM. The system then 
runs in Stand Alone mode 
(mode 1), so that 32 kBytes of 
data/program memory is available. 


- The second option is to switch S1 
to RUN (mode 3) after the program 
download operation, prompting 
the program to execute from RAM. 
When abackup battery is used, the 
RAM contents is not lost when the 
battery voltage is switched off. A 
Lithium battery should have 
enough energy for several years of 
problem-free use. 


The advantage of the second option 
is that you do not have to burn an 


EPROM. Consequently there’s no 
need to have an EPROM programmer 
and/or UV eraser available. 


PRACTICAL 
APPLICATIONS 

Of course, the 537 core should not lie 
idle among half a dozen or so other 
microcontroller boards in one of your 
drawers. We strongly suggest you actu- 
ally use the board by giving it a practi- 
cal application. A good example is that 
of aCAN bussystem host as described 
in last month’s issue of this magazine. 
Other experimental circuits and appli- 
cations indude peripheral devices with 
serial control (3-channel D-A converter, 
temperature sensor, LED display, etc.), 
keypad/keyboard interfaces, voice pro- 
duction, digital and analogue 1/O 
cards, IrDA, radio and fibre-optic com- 
munication systems. Many such pro- 
jects may be found in existing litera- 
ture, or will be published shortly. 

Even if space is at a premium in this 
magazine, an example should be 
included that illustrates the use of the 
537 Lite computer in combination with 
the DOS version of Pascal51. This inte- 
grated programming environment also 
runs in a Windows 95/98 DOS box. 

Having launched the editor 
nilied.exe you first have to set up the 
desired memory modd. Thisis donein 
the menu Options] N iliPascal Parame- 
ters (Figure 1). The minimum settings 
are the definitions of data and program 
memory start addresses, the microcon- 
troller clock frequency and the baud 
rate of the communication between the 
PC and the 537 Lite board. Your per- 
sonal preferences and settings are 
saved and the menu is closed. 

At this point you may enter a pro- 
gram or load an available piece of code, 
for example, one of the examples 
found on the project diskette, 976008- 
1. The example program p2.pas cap- 
tures input voltages on the first three 
inputs ANO, AN land AN 2of the 537’s 
on-chip A-D converter. The sampling 
rate is one per second. You may apply 
different voltages in the range 0-5 V to 
pins 3, 4, 5and 15 of connector K3 and 
check the assodated conversion results 
on the display. 

The program p2.pas should be com- 
piled without errors after pressing 
Shift-F9. Next, you quit the program 
editor by typing Alt-x which takes you 
back to the DOS level. The next step is 
to download the object code to the 537 
Lite board and run it! Figure 2 shows 
what you should see on your display. 

(990054-2) 


Design editing: K. Walraven 
Text editing 
(German original): R. Gerstendorf 
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